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As the fourth most abundant element in the universe, carbon plays an important role
in the physical and chemical evolution of the interstellar medium (ISM). Due to its
unique property to form three different types of chemical bonds through sp1, sp2, and
sp3 hybridizations, carbon can be stabilized in various allotropes, including amorphous
carbon, graphite, diamond, polycyclic aromatic hydrocarbon (PAH), fullerenes, graphene,
and carbon nanotubes (CNTs).
Many allotropes of carbon are known to be present in the ISM (Henning & Salama
1998). Presolar graphite grains and nanodiamonds have been identified in primitive me-
teorites based on their isotopically anomalous composition (see Nittler 2018). While
hydrogenated amorphous carbon grains reveal their presence in the diffuse ISM through
the ubiquitous 3.4µm aliphatic C–H absorption feature (Pendleton & Allamandola 2002),
the aromatic C–H and C–C emission features at 3.3, 6.2, 7.7, 8.6 and 11.3µm infer the
widespread presence of PAHs in a wide variety of interstellar regions (see Hudgins & Al-
lamandola 2005). The detections of interstellar C60 and C70 (Cami et al. 2010, Sellgren
et al. 2010) and their cations (Berne´ et al. 2013, Strelnikov et al. 2015) have also been
reported based on their characteristic infrared (IR) emission features.
Graphene was first experimentally synthesized in 2004 by A.K. Geim and K.S. Novoselov
for which they received the 2010 Nobel Prize in physics. More recently, Garc´ıa-Herna´ndez
et al. (2011, 2012) reported for the first time the presence of unusual IR emission features
at ∼ 6.6, 9.8, and 20µm in several planetary nebulae, both in the Milky Way and the
Magellanic Clouds, which are coincident with the strongest transitions of planar C24, a
piece of graphene. In principle, graphene could be present in the ISM as it could be formed
from the photochemical processing of PAHs, which are abundant in the ISM, through
a complete loss of their H atoms (e.g., see Berne´ & Tielens 2012). On the other hand,
as illustrated in Figure 1a, both quantum-chemical computations and laboratory exper-
iments have shown that the exciton-dominated pi–pi∗ electronic transitions in graphene
cause a strong absorption band near 2755 A˚ or 4.5 eV (Yang et al. 2009, Nelson et al.
2010) which is not seen in the ISM. This allows us to place an upper limit of ∼ 5 ppm of
C/H on the abundance of graphene in the diffuse ISM (see Chen et al. 2017). Moreover,
the nondetection of the 6.6, 9.8, and 20µm emission features of graphene C24 in the
observed IR emission spectra of the diffuse ISM is also consistent with an upper limit of
∼ 5 ppm of C/H in the C24 graphene sheet (see Chen et al. 2017).
CNTs can be envisioned as a layer of graphene sheet rolled up into a cylinder. They
are novel 1D materials made of an sp2-bonded wall one atom thick. Strong confinement
(∼ 1 nm) of charge carriers results in their unique optical properties being dominated by
strongly bound excitons as revealed by the sharp optical absorption features. It would
be interesting to explore whether CNTs could be responsible for some of the mysterious
diffuse interstellar bands (e.g., see Zhou et al. 2006).
As illustrated in Figure 1b, CNTs also exhibit a broad and intense absorption feature
at ∼ 4.5 eV that is typically attributed to a pi-plasmon excitation (e.g., see Kataura et al.
1999), although the exact position of this feature appears to vary with nanotube diameter
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Figure 1. Left (a): The energy-loss function (ELF) of graphene, obtained experimentally and
calculated using a two-dimensional hydrodynamic model by Nelson et al. (2014), is dominated
by two peaks at ∼ 4.5 and ∼ 15 eV, known as pi and pi+σ plasmons, respectively. Right (b):
The optical absorption spectrum from dispersed single-wall CNTs measured by Kataura et al.
(1999) exhibits a number of electronic transitons, with the pi plasmon also peaking at ∼ 4.5 eV
being the most prominent. The nondetection in the Galactic interstellar extinction curve of the
∼ 4.5 eV absorption peak of graphene and CNTs would allow one to place an upper limit on the
amounts of graphene and CNTs in the ISM.
(see Rance et al. 2010). Similar to graphene, the absence of the ∼ 4.5 eV absorption in
the ISM would allow us to place an upper limit on the abundance of interstellar CNTs.
Like graphene, CNTs would emit in the IR through their C–C vibrational modes. CNTs
are actually more IR-active than graphene due to their cylindrical boundary condition.
Many vibrational modes in the∼ 680–1730cm−1 range have been experimentally detected
for CNTs (e.g., see Kim et al. 2005). JWST’s unique high sensitivity and high resolution
IR capabilities will open up an IR window unexplored by Spitzer and unmatched by
ISO observations and thus will allow us to explore the possible presence of graphene and
CNTs in the ISM in greater detail.
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